Details on Fitting Procedure Ce 3d Spectra
Thin Film Experiments: Fitting of XP spectra has been performed using the CasaXPS software package. Spectra in the Ce 3d region were background-corrected by subtraction of a Shirley function [1] and fitted with a linear combination of intensity envelopes caused by photoemission from Ce 4+ and Ce 3+ species, respectively. The relative intensity of peaks within the envelopes were extracted from measurements on stoichiometric CeO2(111) (Ce 4+ envelope) and sputtered, highly reduced CeO2-x(111) (Ce 3+ envelope, after subtracting weak Ce 4+ signals). The absolute peak positions were allowed to slightly change to account for effects of the oxidation state of the surface. The relative peak positions, however, remained fixed. Constraints were imposed on signal intensity ratios (peak area ratio of 3:2 for 3d5/2:3d3/2 spin-orbit split peaks), peak separation (18.45 eV between spin-orbit split peaks), and peak width (similar values of full width half maximum (FWHM) for both peaks of any spin-orbit split doublet). A weak artificial peak was introduced into the Ce 4+ envelope to account for asymmetry of the V peak, as has been suggested in previous literature. [2] Peak positions and peak widths are summarized in Table S1 . Table S1 . Ce 3d XPS fitting parameters for thin film studies. Absolute peak positions are given for stoichiometric CeO2 films and might slightly differ on CeO2-x.
Label
Powder Experiments: Fitting of XP spectra has been performed using the XPSpeak41 software package. Spectra in the Ce 3d region were background-corrected by subtraction of a Shirley function [1] and fitted with a linear combination of intensity envelopes caused by photoemission from Ce 4+ and Ce 3+ species, respectively. The S-2 absolute peak positions were allowed to slightly change to account for effects of the oxidation state of the surface. The relative peak positions, however, remained fixed. Constraints were imposed on signal intensity ratios (peak area ratio of 3:2 for 3d5/2:3d3/2 spin-orbit split peaks), peak separation (18.45 eV between spin-orbit split peaks), and peak width (similar values of full width half maximum (FWHM) for both peaks of any spin-orbit split doublet). Peak positions and peak widths are summarized in Table S2 . Table S2 . Ce 3d and O 1s XPS fitting parameters for powder studies. Absolute peak positions are given for CeO2 powder and slightly differ on CeO2 powders exposed to H2.
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Supporting Images and Graphs . Figure S3 . Valence band photoelectron spectra of CeO2-x powder, measured at photon energies of 115 eV (off-resonance, black line), 122 eV (Ce 3+ resonance, blue line), and 124.5eV (Ce 4+ resonance, red line). Figure S9 . Concentration of molecularly adsorbed H2O on CeO2-x powder before (I) and after H2 treatment (1 atm, 1 h, 303 K) and subsequent (stepwise) annealing (1 h at indicated temperature for T>303 K) (II). H2O concentration evaluated from normal emission O 1s XPS at 303 K. Adsorbed water at T > 450 K is most probably the result of re-adsorption during cooling prior to XPS measurement.
